The AOCMF Classification Group developed a hierarchical three-level CMF classification system with increasing level of complexity and details. 8 The basic level 1 system differentiates fracture location in the mandible (code 91), midface (code 92), skull base (code 93), and cranial vault (code 94); the levels 2 and 3 focus on defining fracture location and morphology within more detailed regions and subregions. This system was developed for use in patients with a mature skeleton, whose trauma is not older than 10 days at the time of imaging studies. For the purpose of classification according to that system, imaging requirements and analysis vary depending on the level to be classified. In the next sections, a systematic way of evaluating imaging modalities is presented for the four major units considered in the classification system: mandible, midface, skull base, and cranial vault. Extensive reference will be made to the series of tutorial articles and examples presenting the classification system in details in this issue of the Journal.
Radiological Signs of Fractures
One of the pillars of proper interpretation of imaging modalities evaluating CMF fractures is the knowledge of indirect and direct radiographic fracture signs in the CMF area.
1 These signs are equally important to be considered in the evaluation of conventional X-ray studies as well as CT and MRI. Indirect fracture signs include soft tissue swelling, paranasal sinus opacifications or air/fluid levels, and localized air collections (soft tissue emphysema). Direct fracture signs refer to disruptions of cortical bone, abnormal linear densities (especially in plain films), cortical duplication, absent bone structures, abnormal angulation of anatomic structures, and displaced bone segments. Specific CMF regions also need anatomic definitions of relevant structures to rule out fractures. Thus, anatomic knowledge of key structures in the mandible, midface, skull base, and cranial vault are very important for adequate evaluation of different fracture signs. In the following sections, specific aspects of the defined regions relevant for diagnosis and classification will be discussed.
Radiological Approach According to Regions Defined by AOCMF Classification System 91 Mandible

Level 1
Basic anatomic and radiological understanding allows identifying a fractured mandible. The level 1 system relates to the presence or absence of a fracture in this unit. Conventional plain films are considered as a minimal requirement, including radiographs in two planes, such as an orthopantomogram (OPT, panorex view) and Clementschitsch view (posteroanterior [PA] mandible 10-15 degrees). Alternatively, a standard mandibular film series, including PA, lateral, reversed Towne, and oblique lateral views has been used, if a panorex view is not available.
1,9 Panoramic radiographs have similar or better sensitivity than the standard mandibular trauma series 10 in regards of mandibular fractures, especially in the body region. Condylar and coronoid fractures are more difficult to detect with a panorex view. Moreover, a panorex view tends to blur the center of the symphysis/parasymphysis region, thus making it sometimes difficult to detect a midline fracture. Cone beam CT (CBCT) or digital volume tomography (DVT) has been introduced to evaluate osseous structures of the maxillofacial region and provide a confident alternative to more accurately evaluate the mandible, especially the difficult regions of the condyle and coronoid process and inner mandibular cortex.
11 This technique provides high resolution imaging of a defined volume with submillimeter resolution and relative low dose in comparison with CT. However, CT has become the imaging gold standard for evaluating mandibular fractures, because of its capabilities for multiplanar imaging, two-dimensional (2D) and three-dimensional (3D) reconstructions and soft tissue evaluation. These images are especially important for the evaluation of condylar process fractures 12 and in general help to reliably rule out a mandibular fracture independent of location.
Level 2
The level 2 classification of mandibular fractures requires the fracture identification within five regions in the mandible: condylar process, coronoid process, angle/ramus, body (all of them left/right), and symphysis/parasymphysis. 13 This also concerns the identification of fracture extension over adjoining regions. The systematic evaluation of the panorex view includes the evaluation of the symphysis region followed by the body regions, angular/ramus region on both sides and finally the coronoid and condylar processes. For the purpose of the classification transition zones between the angle/ ramus and body regions as well as between the symphysis and body were defined 13 and they should be checked carefully. Using the standard four mandibular series lateral views may help to identify fractures involving the ramus, angle, and posterior body, but lack accuracy in evaluating the condylar process. Evaluation of the condylar process is better completed by examination of the PA view (Clementschitsch view).
CBCT may adequately evaluate all six mandibular regions defined in the classification system using an adequate examination volume, including the whole mandible. CT should be performed in multidetector CT technique with narrow slice thickness independent of the number of detectors, for example, 16 Â 0.75 on a 16-slice CT or 64 Â 0.625 on a 64-slice CT scanners. In general, bone and soft tissue windows should be assessed using at least 1 mm axial slices generated for multiplanar evaluation. Multidetector CT technique is increasing in regards to speed and resolution with even more than 256 detectors. 2D multiplanar reconstructions, especially coronal and parasagittal parallel to the ascending ramus are mandatory. 3D CT reconstructions are helpful to identify relevant displacement of fractures and evaluate condylar head displacement and dislocation at the level of the temporomandibular (TMJ) joints.
14 Systematic evaluation of the mandible in CT begins with the evaluation of axial slices to detect direct
Craniomaxillofacial Trauma and Reconstruction Vol. 7 Suppl. 1/2014 fracture signs, especially in the symphysis, body, angle/ramus, coronoid, and condylar process, in this order (►Fig. 1A, B). Coronal reconstructions (►Fig. 1C, D) or panoramic 2D reformations (►Fig. 1E) are especially useful for the evaluation of these regions. Bilateral oblique sagittal 2D reconstructions parallel to the ramus/condylar process allow evaluation of the TMJ and its relationship to the glenoid fossa.
Level 3
Without Condylar Process
In the level 3 system, the dentition status is characterized by the absence or presence of each tooth, crown or root fractures or tooth loosening. 15 Evaluation of dentoalveolar fractures may be difficult by imaging methods. The panoramic radiography remains a useful screening view. Intraoral radiography or CBCT may be more accurate for detection of crown and root fractures. Multidetector CT may be influenced negatively in cases of tooth artifacts to evaluate adequately the dentition and it requires multiplanar or even panoramic reconstructions to increase sensitivity.
One of the most important level 3 fracture attribute is the grading of fragmentation, which is evaluated in one of the three grades independently for each of the regions in the mandible (13) . This diagnostic would require examination of 3D CT reconstructions for accurate evaluation of the distribution and size of intermediate fragments.
Condylar Process
The level 3 classification of condylar process fractures can be performed by evaluation of panoramic radiography, PA 10 to 15 degrees (Clementschitsch view) and axial skull base views. However, considering the radiological issues to be assessed, including location, fragmentation, vertical head apposition, sideward displacement, angulation of superior main fragment, displacement of head from fossa, displacement of caudal fragment, articular head distortion and ascending ramus height, 14 an orthopantomogram in combination with multidetector CT with 2D multiplanar (axial/coronal/ parasagittal) and 3D reconstructions are recommended. Multidetector CT is an established technique providing rapid acquisition of thin slice axial CT datasets with high-quality AOCM Classification System: Radiological Issues Buitrago-Téllez et al. S125
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2D multiplanar and 3D reconstructions. 16 This is especially useful in the polytraumatized patients with associated craniomidfacial and mandibular fractures. CBCT may also be used. 9, 11 For the evaluation of soft tissue injuries, especially concerning the TMJ (avulsion, ligaments, and disc disruptions) MRI is necessary.
Midface
Level 1
The radiological issue for level 1 system is the presence or absence of a fracture in the midface, for which conventional plain films are a minimal requirement. They are less used when the occurrence of midfacial trauma is obvious by clinical examination, but play a role in the screening of patients when fractures are only suspected. 3 The routine midfacial trauma series consists of the Waters view (occipitomental), the Caldwell view (occipitofrontal), and the lateral facial view. 1 The Waters view demonstrates the maxillary sinuses and anterior facial structures adequately, including nasal bones, inferior orbital rims, anterior orbital floors (inferior wall), and zygomas. The Caldwell view demonstrates the nasal sinus and orbit adequately, including orbital walls, frontal sinus, ethmoidal cells, and posterior third of the orbital floor and apex. The lateral facial view is helpful in the detection of fractures of the anterior and posterior walls of the frontal and maxillary sinus and for the evaluation of the pterygoid plates. Additional views include the submentovertex view, which requires neck hyperextension, however it is often not feasible in the acute trauma setting. An underexposed submentovertex projection ("jug-handle" projection) may be used when an isolated fracture of the zygomatic arch is suspected. For nasal fractures an underexposed lateral projection of the nasal bones may be performed. CBCT or DVT has been introduced to evaluate osseous structures of the midface unit and provide an alternative for trauma evaluation, if an adequate volume is available.
9,11
However, multidetector CT because of its faster acquisition, easy patient positioning, soft tissue evaluation, which may be critical in association with craniofacial trauma and head injuries, remains the most useful imaging modality for the evaluation of the midface. 16 CT reliably rules out a midface fracture independent of location. 
Level 2
21
Systematic evaluation of the midface in CT begins with the evaluation of axial slices from caudal to cranial (►Fig. 2A-C) to detect direct fracture signs, especially in the lower central midface (including alveolar process, caudal part of nasomaxillary buttress), intermediate central midface (including anterior sinus walls), upper central midface (including frontal process maxilla, lacrimal bone and nasal bones). In the axial plane the zygoma and zygomatic arch are evaluated with all its relationships to the central midface. Subsequently, the orbital rims as well as lateral and medial orbital walls are assessed. In a second step coronal 2D reconstructions (►Fig. 2E, F) are checked for the integrity of the nasomaxillary buttress in the lower and intermediate central midface regions, the frontal process of the maxilla and the nasal bones in the anterior coronal reconstructions (►Fig. 3). The integrity of the palate and the pterygoid plates should also be checked in the coronal plane, which ideally should be perpendicular to the palate. Furthermore the medial orbital walls, the orbital floors and orbital roofs are well detected in the coronal plane. The orbital apex regions are search for integrity, especially of the optic nerve canal. Additional 2D reconstructions for the orbital floor through the axis of the intraorbital nerve may be useful in detecting displaced fractures with muscle entrapment or retrobulbar hematoma. 3D CT reconstructions may not add significant information for level 2 classification (►Fig. 2G-I).
Level 3
Without Orbit The radiological issues concerning the level 3 system of the midface include the differentiated analysis of fracture components within the regions, e.g., the zygomas being further subdivided, 22 by the identification of nonfragmented or fragmented fracture as well as bone loss. Correct identification of fractured subregions in the zygoma requires a detailed 2D and 3D CT analysis. The differentiation of structures in the upper central midface region is well documented with coronal 2D reconstructions. Intermediate and lower central midface structures are well seen on axial source images, although transversal components should be checked in the 2D coronal and 3D reconstruction, especially involving the pyriform aperture. Palate and pterygoid fractures are better identified with a combination of coronal 2D and 3D reconstructions.
Orbit
In the setting of level 3 classification of the orbit imaging evaluation with multidetector CT with high quality 2D multiplanar and 3D reconstructions is necessary. 18, [23] [24] [25] [26] [27] It is important to localize key orbital landmarks such as the inferior orbital fissure as the limit of the anterior part of AOCM Classification System: Radiological Issues Buitrago-Téllez et al. S127
the orbital walls. Other landmarks are the posterior part of the orbital surface of the palate, where the dorsal margin of the orbital floor ends, and the posterior parts of the medial, lateral and superior orbital walls, which form the orbital apex. In this region, it is critical to evaluate thoroughly the optic canal to rule out fractures in this location. For the purpose of the classification, it is important to evaluate the orbit with 2D axial, coronal, and oblique reconstructions orthogonal to the central axis of the orbit (optic nerve), thus facilitating the localization of orbital fissures and parts of the orbital walls. 3D reconstructions are helpful for the evaluation of the orbital rims, but should not be primarily used for evaluation of orbital floors, roofs, or medial orbital walls. MRI is an important adjunct for the evaluation of orbital wall fractures with prolapse of muscles or periorbital fat through osseous defects and may be helpful in equivocal cases of posttraumatic diplopia, especially using the oculodynamic MRI technique described by Berg et al.
28
93 Skull Base and 94 Cranial Vault
Level 1
Head CT is the diagnostic gold-standard for the detection of skull and brain injuries. 29 In the setting of the AOCMF classification system conventional X-ray series with a PA, lateral skull, and Towne projections may be useful for level 1 diagnosis of cranial vault fractures, but this approach is rather insufficient for skull base fracture detection. For this reason the minimal requirement for level 1 diagnosis of skull base and cranial vault fractures is the thin slice high resolution CT. Skull base fractures are very difficult to detect in usual CT slices, so high-resolution slices with special filter are required. Even with this technique, their detection remains challenging, therefore, 3D reconstructions have been added to the radiological armamentarium. [30] [31] [32] Some authors showed the usefulness of the curved maximum intensity projection (cMIP) reconstructions to improve fracture detection. 31 Ringl et al 33 showed the superiority of a CT visualization algorithm by means of cMIP when compared with the reading of the only transverse sections. Using cMIP reconstructions allows a comparable diagnostic performance between experienced and less-experienced radiologists. It is also important to differentiate the squamous part of the temporal bone and the part of the occipital bone cranial to the external occipital protuberance as cranial vault fractures.
Level 2
Level 2 classification of skull base and cranial vault fractures relates to the presence of fractures within the defined regions. 34 As head trauma often involves combined skull base and cranial vault fractures a multidetector CT of the whole head with narrow slice thickness should be obtained, for example, 16 Â 0.75 on a 16-slice CT or 64 Â 0.625 on a 64-slice CT scanners. In general, at least 1 mm axial slices should be generated for multiplanar evaluation. Bone and soft tissue windows should be assessed. Thicker slices are reconstructed for the evaluation of brain parenchyma injuries. 2D multiplanar coronal reconstructions as well as 2D MIP und 3D reconstructions are helpful to define the regions of the skull base and cranial vault more accurately. Systematic evaluation of the skull base and cranial vault in CT (►Fig. 4) begins with the evaluation of axial slices from caudal to cranial to detect direct fracture signs, especially in the anterior skull base (right or left), central, middle (especially temporal bone fractures) and posterior skull base, in this order. Frontal bone and parietal bone cranial vault structures are then disclosed. 2D reconstructions are especially useful for detection of anterior skull base fractures as well as temporosphenoidal middle skull base fractures. 3D and MIP reconstructions facilitate the definition of the extension of the fractures, especially in cases with some displacement or comminution.
Level 3
In this level, evaluation of the fractured skull base regions concerning the presence of fragmentation (more than a single linear or branched fracture line), displacement, depression toward the brain, and bone loss. In addition, the detection of important associated findings is considered such as intracranial air, intracranial mass lesion, cranial nerve involvement, cerebrospinal fluid leakage or vascular structure involvement. 34 The evaluation is based again on the detailed analysis of the high resolution whole head CT with 2D and 3D reconstructions. 
Conclusion
Correct imaging acquisition, systematic analysis and interpretation according to the anatomic and surgical relevant structures in the CMF regions are essential for an accurate, reproducible, and comprehensive diagnosis of CMF fractures using the AOCMF classification system as presented in this special issue of the Journal. Imaging requisites for accurate classification are summarized in ►Table 1. 
